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ABSTRACT Our objective was to examine the pattern of agonistic behavior observed among 11
colonies of the Formosan subterranean termite, Coptotermes formosanus Shiraki, collected from two
locations in New Orleans, LA. In 24-h petri dish tests, 13 of the 40 colony pairs displayed agonism in
at least one replicate. In 14-d tests conducted in sand-Þlled foraging arenas, seven of the nine colony
pairs tested showed agonism, including three that had showed agonism in the 24-h test and four that
had not shown any agonism in the 24-h test. In tests in which individual behavior was observed for
1 h, there was variation in the prevalence of aggressive behavior shown by individual workers. This
study shows that interactions between colonies of C. formosanus from the same geographic area are
complex and that these interactions could inßuence strategies for termite control.

KEY WORDS Coptotermes formosanus, Rhinotermitidae, agonistic behavior, kin recognition, ag-
gression.

THE FORMOSAN SUBTERRANEAN TERMITE,Coptotermes for-
mosanus Shiraki, is an exotic pest species, originating
in East Asia, that has successfully invaded numerous
places around the world, including Japan, HI, South
Africa, and the continental United States (Su and
Tamashiro 1987). Exotic social insects often have par-
ticular attributes that contribute to their ability to
successfully invade newhabitats. For example, a num-
berofexotic ant species arecharacterizedby their lack
of intraspeciÞc aggression, and their ability to ex-
change workers and queens between nests. The
Argentine ant, Linepithema humilis (Mayr), is a
worldwide pest that has been extremely successful
colonizing new habitats and outcompeting native ant
species. The success of Argentine ants appears to be
primarily due to the extensive movement of workers
and queens between nests, which results in a com-
petitive advantage over native ant species (Chen and
Nonacs 2000).
Formosan subterranean termites have also been

extremely successful becoming established in new
habitats. In some cases, there has been a lack of intra-
speciÞc aggression in introduced populations of
C. formosanus (Delaplane 1991, Su andHaverty 1991).
This lack of aggression between colonies could po-
tentially contribute to the success of C. formosanus as
an invasive pest species by enabling C. formosanus to
establish largepopulations,withextensivenetworksof
tunnels to efÞciently use food sources. This study

examined the prevalence of agonistic interactions
among C. formosanus colonies in New Orleans, LA.
The occurrence of agonism in subterranean ter-

mites varies among species, colonies, nests, castes,
individuals, and seasons (Thorne and Haverty 1991,
Shelton and Grace 1996). IntraspeciÞc agonism be-
tween colonies of subterranean termites is extremely
variable, ranging from no observed agonism to Þerce
combat. The occurrence of intraspeciÞc agonism
amongReticulitermes lucifugus (Rossi) colonies varied
by season in which intercolonial agonism was high in
the winter and decreased in the summer, but no ago-
nism was observed between colonies of R. santonensis
Feytaud (Clément 1986). In some cases, studies have
shown a lack of intraspeciÞc agonism among different
colonies of R. flavipes (Kollar) collected at different
sites in the same geographic area (Grace 1996, Bulmer
and Traniello 2002). Agonism among C. formosanus
colonies collected from the campus of the University
of Hawaii was observed for some colony pairs, but not
others, while none of the colonies collected from
Hallendale, FL, showed agonism towards each other
(Su and Haverty 1991). When six colonies from Flor-
ida were paired with six colonies from Hawaii, ago-
nistic responses were variable, with no agonism ob-
servedwhen three of the Florida colonieswere paired
with any of the Hawaii colonies (Su and Haverty
1991).
Fierce combat was observed between members of

different colonies of Heterotermes aureus (Snyder) in
laboratory tests, and large numbers of dead termites1 E-mail:mcorneli@srrc.ars.usda.gov.
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locked in combat were found in corrugated-paper
rolls located on the boundary between two of the
colonies (Jones 1993). Intercolonial agonism was also
observed among colonies of Reticulitermes spp. from
northern California. Mixing workers with different
cuticular hydrocarbon phenotypes resulted in imme-
diate aggressive behavior in 48.8% and 61.5% of rep-
licates, while mixing workers from different colonies
with the same cuticular hydrocarbon phenotype usu-
allydidnot result in immediate aggressionbut resulted
in high mortality after 24 h in 68.6% of replicates
(Haverty et al. 1999).
The variability in intercolonial agonism would be

expected to inßuence the foraging behavior and the
size of foraging ranges of neighboring colonies in the
Þeld. In the absence of intercolonial agonism, there is
the possibility of colony fusion. Colony fusion may
have occurred between two colonies ofC. formosanus
in Florida (Su and Scheffrahn 1988). Colony fusion
could provide a mechanism for C. formosanus to rap-
idly increase colony size and expand the foraging
range of the new colony. It is possible that the ex-
tremely large colony sizes reported in the Þeld for
C. formosanus could sometimes be the result of the
fusion of neighboring colonies that did not have any
agonistic behavior towards each other. Alternatively,
competition between agonistic colonies could result
in the maintenance of smaller colonies and retention
of smaller foraging ranges. For example, agonistic in-
teractions between Þeld colonies of H. aureus ap-
peared to affect colony foraging territories, where
intercolony aggression resulted in gaps between ter-
ritories (Jones 1993). Interactionsbetweencoloniesof
C. formosanus could have an effect on strategies for
termite control by inßuencing the foraging behavior
of termites at bait stations.
In this study, we examined the patterns of agonistic

behavior betweenpairs of 11 colonies ofC. formosanus
collected fromtwo locations inNewOrleans,LA.Also,
experiments were conducted to determine how Þve
colonies from the same area interacted with each
other in sand-Þlled test chambers, and how agonistic
behavior affected their foraging ranges and survival. In
addition, experiments were performed, using marked
individuals, in which workers of two colonies were
paired to determine if there were differences in the
agonistic behavior displayed by individuals toward
workers of other colonies.

Materials and Methods

Twenty-Four-h Petri Dish Tests. Tests were con-
ducted to determine which colony pairs showed ag-
onistic behavior towards each other that resulted in
mortality. These tests were not designed to detect
nonfatal agonistic encounters. For these tests, termites
were used within 2 wk of being collected. There were
11 colonies of C. formosanus collected from two dif-
ferent locations in New Orleans, LA. Seven colonies
(C1, C2, C5, C6, C10, C11, C12) were collected from
the campus of the Southern Regional Research Cen-
ter, Agricultural Research Service, USDA, and within

a 1,000 m2 area on the periphery of the campus. Four
colonies (C7, C9, C14, C15) were collected from the
University of New Orleans campus. Voucher speci-
mens of soldiers and workers of each termite colony
are stored in 70% alcohol at the Southern Regional
Research Center, New Orleans, LA.
Collections from different traps were considered

separate colonies based on the use of the mark-re-
lease-recapture technique using the dye marker Nile
Blue A (0.05%wt:wt) to determine those traps, which
were part of a single, interconnected tunneling system
(Su et al. 1993). Termites collected from traps that
exchanged foraging workers were considered part of
the same colony.
For each replicate, 10 workers from each of two

colonies were placed in a 5.5-cm diameter glass petri
dish, with a 5.5-cm diameter moist Þlter paper on the
bottomand kept in an unlit environmental chamber at
28�C, 97% RH overnight. There were 40 colony pairs,
withat least eight replicates foreachpair, except in the
cases of C1:C2, C2:C6, C6:C10 pairings, for which
there were only four replicates each. There were four
control replicates for each colony. For controls, 20
workers from the same colony were placed in a petri
dish for 24 h. After 24 h, the number of termites
surviving in each replicate was determined. There
were no controls in which survival was � 17. For
colony pairs, the replicate was scored as agonistic if
the total number of termites surviving was � 15. In
addition, in replicates scored as agonistic, dead ter-
mites showed signs of injury due to combat.

Fourteen-d Colony Interaction Test. This experi-
ment was conducted using Þve colonies (C1, C5, C6,
C11, C12) collected within a 1,000 m2 area on the
periphery of the campus of the Southern Regional
ResearchCenter inNewOrleans, LA.The experiment
was conducted in the laboratory at ambient condi-
tions, using plastic ant farms (21.0 cm length by 1.0 cm
width by 13.5 cm height) (Uncle Milton Industries,
Corsica,CA)as test chambers. Each test chamber (ant
farm) contained 100 g of sand (Standard Sand and
Silica Company, Davenport, FL), moistened with
20 ml of distilled water, and four pieces of southern
yellow pine, Pinus taeda L., (10 cm length by 0.1 cm
width by 3.5 cm height). Test chambers were placed
on a shelf in the laboratory that was completely en-
closed in black plastic to block out direct light.
Each replicate was comprised of three connected

test chambers. A chamber containing a group of ter-
mites from one colony was connected to an unoccu-
pied chamber, and a chamber containing a group of
termites from another colony was connected to the
opposite side of the same unoccupied chamber. There
were 180 workers and 20 soldiers of each colony in
each replicate. There were four replicates of each
colony pair. For controls, there were eight replicates
of each colony where a test chamber containing 180
workers and 20 soldiers from a single colony was con-
nected to one side of an unoccupied center chamber
and another unoccupied test chamber was connected
to the opposite side of the center chamber. For each
colony pair, one group of workers in each replicate
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was fed Þlter paper dyed with 0.05% Nile Blue A dye
(wt:wt) for 1wkbefore starting theexperiment so that
workers from the two colonies could be distinguished.
In twoof the replicates,workers fromonecolonywere
dyed blue, and in the other two replicates, workers
from the other colony were dyed blue.
Termites were placed in the top of test chambers,

and allowed to acclimate and build tunnels in the sand
for 1 d before chambers were connected. Each test
chamber had a portal on each side, covered with a
plastic cap. Chambers were connected by removing
the cap and attaching the ends of a 4-cm length piece
of tygon tubing (0.8 cmdiameter) to theportals of two
chambers. After 14 d, the number of survivingworkers
from each colony in each chamber was counted. Sol-
diers were counted separately, without determining
colony origin. If 10 or more workers of a colony were
present in a chamber, the chamber was considered to
be occupied by that colony.
Differences in worker survival of each colony

within a colony pair were compared using a t-test for
matched pairs (P � 0.05). Also, proportional worker
survival data were transformed by the arcsine of the
square root and the following three statistical tests
were conducted, using General Linear Models, with
mean separated using the Tukey honestly signiÞcant
difference test (SPSS 1996). In the Þrst GLM test,
differences in the worker survival of each colony in
the controls were compared. In the second GLM test,
differences inworker survivalwere compared for con-
trols and for each colony pair. In the third GLM test,
colony pairs were divided into three groups based on
observations of agonistic behavior inboth the24-h test
and the 14-d test. Differences inworker survival in the
14-d test were compared for the following four groups
(1) controls; (2) colony pairs that did not show ago-
nism in either test; (3) colony pairs that did not show
agonism in the 24-h petri dish test but did show
agonism in the 14-d colony interaction test; and (4)
colony pairs that exhibited agonism in both tests. Sol-
diers were not included in the statistical analysis be-
cause the colony origin of soldiers could not be de-
termined in most of the replicates.

Intercolonial Interactions between Individually
MarkedTermites.Foreach replicate, sixworkers from
each of two colonies were placed in a 5.5-cm diameter
glass petri dish, with a 5.5 cm diameter moist Þlter
paper on the bottom. The Þlter paper was positioned
so that the termites were not able to go underneath it.
Each individual termite had a distinctive mark so that
the aggressive behavior of individuals could be mon-
itored. Termites in each replicate were observed for
1 h. The number of individuals in each replicate that
attacked individuals from the other colony by biting
them was recorded. These attacks could be distin-
guished fromothernonaggressiveencounters.Aggres-
sive encounters were only recorded when individuals
were actually biting other individuals. There were
nine different colony pairs, with 10 replicates for each
colony pair.
Individuals of one colony were coded using white,

blue, pink, and canary yellow liquid paper (The Gil-

lette Company, Boston, MA), and individuals of the
other colony were coded by using the following Van
Gogh water colors (Royal Talens, Apeldoorn, Hol-
land): Ivory black, permanent red light, viridian,
phthalo blue, and quinacridone rose. For each colony
pair, in half the replicates, one colony was marked
with liquid paper, and in the other half of the repli-
cates, that colony was marked with the watercolors.
To mark termites, a glass petri dish was placed on

top of a container with crushed ice. An individual
termite was placed in the petri dish for �10 s. When
the chilled termite was lying on its back and unable to
get up, it was allowed to grasp onto a wooden stick. A
dot of paint was gently applied to the abdomen of the
termite, using the end of an insect pin. After being
marked, the termite was allowed to walk down the
stick into apetri dish. Termiteswerenotmarkedwhen
they were totally immobilized because the procedure
was less likely to damage the termite if the termite
could grasp the stick while the dot of paint was being
applied.
When a dot of liquid paper was placed on an indi-

vidual termite, otherworkers would attempt to groom
it off, but they could not remove it. In fact, individual
soldiers marked with a dot of liquid paper were re-
turned to a container with thousands of unmarked
nestmates andstill retained thismarkafter 2mo.When
a dot of watercolor was placed on a worker, other
workers would ingest small quantities of paint when
grooming it off. After several hours, the abdomens of
all workers in the petri dishwould be colored because
of ingesting the paint. There were no differences in
mortality between workers that were marked by ei-
ther method and unmarked workers (M.L.C., unpub-
lished data).
For these tests, six workers from one colony were

markedwith liquidpaper andweredistinguished from
each other by differences in color (except that two
workers in each replicate were distinguished from
another worker with the same color by differences in
the size of the mark). Five workers from the other
colonywere eachmarkedwith a different watercolor,
and the sixth worker was unmarked.

Results

Twenty-Four-h Petri Dish Tests.Of 40 colony pairs,
13 (33%) showed agonism in at least one replicate
(Table 1). Of the 13 colony pairs that displayed ago-
nism, Þve of these pairs were agonistic in 100% of
replicates, eight involved SRRC:UNO colony pairs,
four involved SRRC:SRRC colony pairs, and one in-
volved a UNO:UNO colony pair. All SRRC:SRRC col-
ony pairs that showed agonism involved C11. Only a
single replicate of six UNO:UNO colony pairs dis-
played agonism. Of the colony pairs that resulted in
60% or more of replicates showing agonism, all these
pairs involved at least one of the following colonies:
C1, C9, or C11 (Table 1).

Fourteen-dColony InteractionTest.Therewereno
signiÞcant colony differences in worker survival in
controls (F � 0.525; df � 4, 33; P � 0.72) (Table 2).
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There was only one colony pair (C5/C11) in which
there were signiÞcant differences in the survival of
workers from the two colonies (t-test for matched
pairs; P � 0.05). Of the nine colony pairs tested, seven
pairs showed agonism in these tests, including three
pairs thathad showedagonism in the24-h test and four
pairs that had not exhibited any agonism in the 24-h
test. There were signiÞcant differences in the survival
of workers from the controls and from the different
colony pairs (F � 19.935; df � 9, 100; P � 0.0001).
Therewere four colonypairs inwhichworkers of both
colonies had very high levels of mortality. Two of
these pairs had shown agonism in both tests, while the
other two pairs only showed agonism in the 14-d test.
In fact, the colony pair that had the lowest worker
survival did not show any agonism in the 24-h petri
dish test.
There were signiÞcant differences in worker sur-

vival based on the level of agonism observed between
colony pairs in 24-h and 14-d tests (F � 23.13; df � 3,
106; P � 0.0001). Worker survival was signiÞcantly

lower for colonypairs that showedagonism in the 14-d
test, comparedwith colonypairs that didnot showany
agonism (Fig. 1). However, there were no differences
between colony pairs that showed agonism in only the
14-d test, compared with colony pairs that showed
agonism in both tests. Also, there were no differences
between the controls and colony pairs that did not
display any agonism (Fig. 1).
Themovementof termiteswithin test chamberswas

also affected by the level of agonism observed be-
tween colony pairs in the 24-h and 14-d tests. In con-
trols, termites generally explored all three test cham-
bers, but the majority of termites settled into one
chamber. For colony pairs that did not show any ago-
nism in either the 24-h or 14-d tests, one colonymoved
into the other colonyÕs chamber in 68.8% of replicates.
In almost all of these replicates, termites from the two
colonies intermingled, and termites from one colony
traveled within the tunnels constructed by workers
from the other colony. In some replicates, termites
from one colony completely moved into the chamber

Table 1. Percent replicates of C. formosanus colonies displaying agonism in 24-h petri dish tests

Colony C1 C2 C5 C6 C7 C9 C10 C11 C12 C14 C15
Location S S S S U U S S S U U

C1 0 0 0 0 0 62.5 0 100 0 100 37.5
C2 0 0 0 Ð Ð 0 100 Ð Ð Ð
C5 0 0 0 100 Ð 18 0 0 Ð
C6 0 0 100 0 42 0 0 Ð
C7 0 0 0 12.5 Ð 0 12.5
C9 0 Ð 75 Ð 0 0
C10 0 0 25 0 0
C11 0 0 0 0
C12 0 Ð Ð
C14 0 0
C15 0

S, the campus of the Southern Regional Research Center and the area on the periphery of the campus; U, the campus of the University of
New Orleans.

Table 2. Mean (�SEM) percent survival of C. formosanus workers in each colony pair and in controls in tests using 3 interconnected
sand-filled test chambers after 14-d exposure

Colony pair
Colony 1/Colony 2

Agonism observed in testa Mean percent survival of workersb

Petri dish
24 h

Test chambers
14 d

Colony 1 Colony 2

C1: Control Ð Ð Ð 81.1� 5.8a
C5: Control Ð Ð Ð 83.1� 3.4a
C6: Control Ð Ð Ð 84.5� 3.5a
C11: Control Ð Ð Ð 88.1� 1.5a
C12: Control Ð Ð Ð 89.6� 1.8a
C1/C6 no no 84.8� 2.7 85.2� 0.5a
C11/C12 no no 87.9� 1.3 86.4� 3.6a
C5/C6 no yes 71.6� 7.3 71.7� 6.4ab
C1/C11 yes yes 69.3� 8.0 60.0� 12.1ab
C1/C5 no yes 70.4� 12.2 61.4� 10.8abc
C6/C11 yes yes 47.2� 7.3 44.7� 14.9bcd
C5/C11 yes yes 54.6� 3.9 16.9� 11.9cdec

C5/C12 no yes 32.7� 15.9 46.1� 20.4de
C1/C12 no yes 4.6� 4.6 20.7� 11.9e

a If agonism was observed in at least 1 replicate for a colony pairing, the pairing was scored as yes, and if no agonism was observed in any
of the replicates for a colony pairing, the pairing was scored as no.

bMeanswithin a column followed by the same letter are not signiÞcantly different. Differences inworker survival among colonies in controls
were not signiÞcantly different.

cMeanswithin a row are signiÞcantly different (P � 0.05).Worker survival within each colony pair were compared using a t-test formatched
pairs.
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occupied by the other colony. For colony pairs that
didnot showagonism in the 24-hpetri dish test but did
show agonism in the 14-d test, termites from one
colony moved into the other colonyÕs chamber in
34.7% of replicates. In these colony pairs, termites
from the two colonies intermingled in most of the
replicates. However, Þghting between colony mem-
bers also occurred, and galleries containing mixed
groups of dead termiteswere observed. In some of the
replicates where Þghting had occurred and mortality
was high, groups of surviving termites from the two
colonies were still intermingling after 14 d. When the
test chambers were dismantled, these remaining ter-
mites did not appear to be Þghting, although there
were dead termites from the two colonies located in
another part of the same test chamber. For colony
pairs that showed agonism in both tests, termites only
occupied the center chamber in 10%of replicates, and
therewereno replicateswhereonecolonymoved into
the other colonyÕs chamber. Termites from the two
colonies did not intermingle in any of the replicates,
and workers were not observed traveling within tun-
nels constructed by workers of the other colony.

Intercolonial Interactions between Individually
Marked Termites. In tests in which individual behav-
ior was observed for 1 h, there was considerable vari-
ation in the aggressive behavior of individual workers
(Table 3). Even for colony pairs that had showed a
high level of agonism in the previous tests, most work-
ers did not display any agonism within the 1-h obser-
vation period. The highest percentage of individuals
displaying aggressive behavior occurred in replicates,
with the colony pair C6:C11. In these replicates, 41.7%
of C6 individuals attacked C11 workers (Table 3).
Therewere also differences in the levels of aggression
observed among individuals that showed agonistic be-

havior. For instance, several aggressive individuals
persistently attacked alien workers until they were
injured, while other aggressive individuals were ob-
served biting alien workers intermittently, without
causing noticeable injury. For all colony pairs, there
was at least one replicate where no individuals of
either colony acted aggressively toward each other.
Observations of individual behavior also determined
that, at least for these particular colony pairs, aggres-
sive behavior bymembers of one colony againstmem-
bers of the other colony usually did not elicit any
aggressive reaction from the victims of the attacks.
Of the 50 replicates inwhich aggressive behavior by at
least one individual was observed, there was only a
single replicate where workers from both colonies
engaged in mutual Þghting. In this replicate, all mem-
bers of C1 and C11 engaged in Þghting, and virtually
all termites were killed or seriously injured within

Fig. 1. Mean(�SEM)percentworker survival in the 14-d test for the following groups of colonypairs.Control: Replicates
where only one colony was released in test chambers; No-No: colony pairs that did not show agonism in either the 24-h or
14-d tests; No-Yes: colony pairs that did not display agonism in the 24-h petri dish test but did show agonism in the 14-d test;
Yes-Yes: colony pairs that displayed agonism in both tests.

Table 3. Percent individual C. formosanus workers from dif-
ferent colonies observed displaying aggressive behavior towards
members of the other colony in 1-h petri dish tests

Colony paira

(Colony 1/Colony 2)

Percent aggressive workers for
each colony pairing

Colony 1 Colony 2

C1/C5 1.6 0.0
C1/C6 0.0 0.0
C1/C11 33.3 10.0
C1/C12 38.3 0.0
C5/C6 0.0 0.0
C5/C11 28.3 0.0
C5/C12 0.0 0.0
C6/C11 41.7 3.3
C11/C12 0.0 0.0

a Foreachcolonypair, therewere 10 replicateswith 6workers from
each colony per replicate.
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15 min. In another replicate, there were two C11
workers that attacked C6 workers. Otherwise, C11
workers did not engage in any aggressive behavior,
even when they were being repeatedly attacked by
workers from the other colony.

Discussion

The occurrence of agonism between particular col-
ony pairs was variable. Of the 13 pairs that showed
agonism in the 24-h petri dish tests, only Þve of those
pairs showed agonism in all of the replicates. Of the
nine colony pairs included in both the 24-h and the
14-d tests, two pairs did not show agonism in either
test, four pairs showed agonism in only the 14-d test,
and three pairs showed agonism in both tests.
Variability in aggressive behavior of individuals was

observed in 14-d tests. Mutual Þghting was observed
for some colony pairs. In these pairs, workers from
both colonies had high levels of mortality. For colony
pairs that did not show agonism in 24-h tests but did
showagonism in the14-d tests, surviving termites from
the twocolonieswere continuing to intermingle at the
end of the experiment, even in replicates where ter-
mites from both colonies had high levels of mortality.
However, when C1, C5, and C6 were paired with C11
in the 14-d tests, there were no replicates where ter-
mites from the two colonies intermingled. These col-
ony pairs also showed agonism in the 24-h tests, and
individuals of C1, C5, and C6 were observed acting
aggressively towards C11 workers in 1-h observation
tests.
There was variation in the number of individuals

that acted aggressively during the 1-h observation
period. Most individuals did not act aggressively in
these tests. The majority of individuals that acted
aggressively were attacking either C11 or C12 indi-
viduals. With the exception of a single replicate,
these observed attacks did not lead tomutual Þghting.
In the 1-h observation tests, C11 and C12 individuals
did not seem to be able to distinguish colonymembers
from alien workers, even in replicates where they
were being attacked, as indicated by their lack of an
aggressive response.
Polizzi and Forschler (1998) also found individual

variation in agonistic behavior. In a study of agonism
usingworkers ofR. flavipes andR. virginicus,only 4.5%
of arenas with intraspeciÞc colony pairs displayed
agonism.When agonistic behavior of individual work-
ers of R. flavipes and R. virginicus was examined, 89%
of previously aggressive workers displayed aggression
during a second test, while 88% of previously passive
workerswerepassiveduring a second test (Polizzi and
Forschler 1999). These results suggest that there may
beadivisionof labor among termiteworkers regarding
the display of aggressive behavior.
There are several factors that could have contrib-

uted to higher levels of agonism in the 14-d test than
in the 24-h test. First, numbers of workers from each
colony were much higher in 14-d tests. Therefore,
there was a higher probability that aggressive individ-
uals were present in the 14-d test. Second, soldiers

were present in the 14-d test, but not the 24-h test. It
is not knownhow thepresence of soldiers affected the
interactions of colony pairs. In tests examining the
aggressive behavior of colonies ofHeterotermes aureus
in foragingarenas, thenumberof soldiersparticipating
in the interactions was critical to the successful inva-
sion of one colony by another (Binder 1988). When
the number of soldiers was equivalent, groups from
both colonies had close to 100% mortality. When the
number of soldiers was disproportionate, the group
with the larger number of soldiers successfully in-
vaded (Binder 1988). In a study examining inter-
speciÞc interactions between C. formosanus and
R. flavipes, groups ofC. formosanuswith higher soldier
proportions were more likely to invade territory oc-
cupied by R. flavipes (Cornelius and Osbrink 2000).
Third, the differences in the duration of the tests

may have affected the prevalence of agonistic behav-
ior. In other research, workers of Reticulitermes spp.
that were not immediately aggressive towards each
other caused high mortality after 24 h (Haverty et al.
1999). In the current study, termites from several of
the colony pairs that did not act aggressively within
24 h, engaged in Þghting during the 14-d test. There-
fore, there may be individuals that do not act aggres-
sively towards each other immediately but display
agonistic behavior after a longer period. If kin recog-
nition is based, at least partially, on differences in
digestive components or in the composition of intes-
tinal bacteria that are detected in the feces or through
trophallaxis, termite workers may not immediately
recognize workers from other colonies as being alien.
Finally, differences in the conditions of the bioassay
may have inßuenced the prevalence of aggressive be-
havior (Polizzi and Forschler 1998). In the 14-d bio-
assay, termites were able to forage more naturally by
constructing tunnels in the sand and by feeding on
wood,while termiteswere conÞned in a small arena in
the 24-h bioassays.
The kin recognition system of subterranean ter-

mites has yet to be described. It has been suggested
that the mechanism of kin recognition involves mul-
tiple stimuli, including a chemical component, a be-
havioral component, and a digestive component
(Thorne and Haverty 1991). Differences in the com-
positionof cuticular hydrocarbons on theepicuticle of
C. formosanus were not correlated with intercolonial
agonism(Su andHaverty 1991). In studies of agonistic
behavior of C. formosanus colonies from Hawaii and
Florida, geographic distance was not correlated with
agonism (Su and Haverty 1991, Shelton and Grace
1997a). Also, aggressive behavior between C. formo-
sanus colonies inHawaii didnot correlatewith genetic
similarities between colonies (Husseneder and Grace
2001a).
Kin recognition cues appear to be affected by en-

vironmental factors. Low temperature conditioning
reduced intercolonial agonism, presumably due to the
elimination or suppression of kin recognition cues
(Shelton and Grace 1997b). Colony pairs of labora-
tory-rearedC. formosanusdidnotdisplay anyagonism,
although these same colony pairs did display agonism
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when Þeld collected termites were used (Shelton and
Grace 1997a). However, agonistic behavior was ob-
served for pairings of workers of Reticulitermes spp.
from laboratory culturesmaintained for� 18mo,with
workers from different colonies that were recently
collected in the Þeld (Getty et al. 2000).
Matsuura (2001) proposed that nestmate recogni-

tion is mediated by differences in the composition of
intestinal bacteria. The composition of intestinal bac-
teria of R. speratus (Kollar) collected from the Þeld
was signiÞcantly different among colonies. When the
composition of intestinal bacteria was experimentally
manipulated using antibiotics, the level of aggression
was signiÞcantly higher among groups given different
antibiotics than among groups given the same antibi-
otics.
Detailed research on agonistic behavior of Reticu-

litermes spp. indicates that theremaybemultiple stim-
uli involved. The pairings of workers of Reticulitermes
spp. with different cuticular hydrocarbon phenotypes
usually resulted in immediate aggression, possibly be-
cause they were using differences in cuticular hydro-
carbons as a kin recognition cue. However, the pair-
ings of workers from different colonies with the same
cuticular hydrocarbon phenotype rarely resulted in
immediate aggression but often resulted in high mor-
tality after 24 h (Haverty et al. 1999, Getty et al. 2000).
Therefore, although workers were able to differenti-
ate immediately between colony members and alien
workers with different hydrocarbon phenotypes,
workers seemed to be able to differentiate between
colony members and alien workers with the same
hydrocarbon phenotypes within a 24-h period, even
when there was no immediate aggressive response.
These results suggest that workers with the same
hydrocarbon phenotype may be using other kin rec-
ognition cues, such as a digestive or behavioral com-
ponent, to distinguish between colony members and
alien workers.
This study shows that interactionsbetweencolonies

of C. formosanus from the same geographic area are
complex and that these interactions could inßuence
strategies for termite control. When there is no ago-
nistic behavior, these results suggest that two colonies
would freely intermingle at foraging sites in the Þeld.
Therefore, it is possible that more than one colony
couldbe foraging at a bait stationor that a large colony
was formed due to the fusion of two nonaggressive
colonies. The use of deoxyribonucleic acid Þnger-
printing may provide answers as to whether or not
colony fusion occurs in the Þeld (Husseneder and
Grace 2001b).
Some agonistic colony pairs clearly avoided inter-

acting with each other. However, other agonistic col-
ony pairs intermingled, resulting in high levels of
mortality. Agonistic colonies could potentially, com-
petitively exclude one another from foraging sites, or
they could initially colonize the same foraging site and
engage in combat. Fierce combat could drive one or
both colonies away from a particular foraging site. If
neighboring colonies act aggressively towards one an-
other, bait stations within the foraging range of an

aggressive colonywill probably only eliminate a single
colony at a time.
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